ABSTRACT The effect of sex and age of Japanese quails (Coturnix japonica) on their performance, blood biochemical parameters, carcass traits, and meat quality was evaluated in this experiment. A total of 450, 3-wk-old Japanese quails (225 males and 225 females) were equally divided into six groups (75 birds each) in a 2 × 3 factorial design, including two sex (male and female) and three slaughter ages (5, 6, and 7 wk of age). Each group was subdivided into five replicates each of 15 birds. The body weight (BW) and feed intake (FI) values were significantly higher in female quails than in males, and these values showed an increasing trend with age. Female quails recorded the higher percentages of liver and giblets, and lower heart percentage than males. Sex × age interaction had a significant impact on carcass parameters except for breast and thigh yield. No significant sex-based differences were detected for quail meat chemical composition except for meat fat content. Moisture and ash content of meat were gradually deceased with age. Meat from female showed higher values for tenderness, intramuscular fat percentage (IMF), and meat lightness, but showed lower values of water holding capacity (WHC) and meat redness. Meat juiciness and tenderness decreased, while WHC, IMF, and meat redness increased with age. Mean values of red blood cells (RBC), packed cell volume (PCV), hemoglobin (Hb), and white blood cells (WBC) were higher (P < 0.05) in male quails than female ones. Plasma total protein, cholesterol, triglycerides, calcium, phosphorus, and uric acid were decreased in males comparable to females. The progress in quail age (5 to 7 wk) leads to significant increase in values of RBC, PCV, and Hb. Plasma cholesterol, total protein, triglycerides, and hemoglobin were linearly deceased with age. It could be concluded that Japanese quails (both males and females) should be slaughtered at 5 or 6 wk of age to obtain higher carcass yields and the best meat quality and composition. Furthermore, male quails recorded the highest values of meat quality and composition when compared to females.
INTRODUCTION
Japanese quail (Coturnix coturnix japonica) is the smallest poultry species farmed for egg and meat production, and it has also assumed as a worldwide importance as a laboratory animal (Minvielle, 1998; Alagawany et al., 2014) . Quail meat has been known for centuries despite of the biblical quotations of their use as a meat source (Alagawany et al., 2014) . Quail meat is recommended for the low-fat diet because it contains low amount of fat and cholesterol, especially thanks to its thin skin and low fat accumulation between its tissues. Quail meat has gained much popularity among consumers (Ikhlas et al., 2010) . It is an ideal food for all ages due to its high meat yield, less by the physiological alterations in the metabolism process in female birds because of egg laying (Walzem et al., 1999) . Quail sex had marked effect on body weight (BW; Boni et al., 2010) , carcass traits (Kumar et al., 2011; Sartowska et al., 2014) , meat quality (Genchev et al., 2008; Choi et al., 2012) , and blood parameters (Scholtz et al., 2009) . In practice, meat existing on the market is obtained from young quails or from spent quails after egg-laying phase (Shanaway, 1994) . The research on different species has reported that the advancement in age is accompanied by changes in carcass traits (Wilkkanowska and Kokoszynski, 2011) , meat quality (Lawrie, 1991; Mohammad, 2016) , and blood parameters (Hassan, 2010; Ayub et al., 2012) . The available information and literatures on the topic of quail age-and sex-related differences in meat composition and meat quality in view of hemato-biochemical changes are scarce. Therefore, in the present work, the aims were to study the effect of sex and slaughter age on BW, feed intake (FI), carcass traits, meat quality, and composition, and some blood biochemical parameters of growing Japanese quail.
MATERIALS AND METHODS

Birds, Experimental Design and Husbandry
A factorial experiment (2 × 3) was performed, including two sex (males and females) and three slaughter ages (5, 6, and 7 wk, respectively) to study the effect of sex, slaughter age, and their interaction on the BW, carcass traits, blood parameters, meat quality, and composition of growing Japanese quails. A total of 450 Japanese quail chicks (225 males and 225 females), at 3 wk of age, were randomly divided into six groups of 75 birds (five replicates/group and 15 birds/replicate). Quail chicks prior and during the experimental period were fed ad libitum on the same diet, which formulated to cover the nutrient requirements of growing Japanese quail as recommended by NRC (1994) , as shown in Table 1 . Birds throughout the whole growing period were reared under the same hygienic, managerial, and suitable environmental conditions, and exposed to 24 h of light per day (continuous light).
Data Collection
BW and FI Birds were individually weighed at 5, 6, and 7 wk of age to calculate the mean value of BW (g) for each experimental group. FI (g/bird per week) was estimated by subtracting the weekly remaining feed from the presented feed.
Carcass Traits At 5th, 6th, and 7th wk of age, five birds from each group were selected, having average BW around the quail group mean, fasted overnight, weighed, and slaughtered. The abdominal cavity was opened, and the edible organs (gizzard, liver, and heart) were removed and weighed, in gram to the nearest three decimal points, and proportionated to the live Meat Quality and Chemical Analysis After dressing, the carcasses were chilled at 1
• C for 12 h, and then they were separated into different parts including breast and thigh. These parts were kept and frozen at -20
• C till analysis. The meat of frozen parts was separated from bones, homogenized, and analyzed for crude fat, CP, carbohydrate, moisture, and ash (AOAC, 2005) . The studied physical meat qualities included juiciness, tenderness, water holding capacity (WHC), intramuscular fat percentage (IMF), and meat color. Tenderness and juiciness of each breast meat sample were evaluated individually with five trained panelists, on a 1 to 5 scale. The WHC of breast meat was determined according to the method of Whiting and Jenkins (1981) . Meat color was examined using a Minolta Chromameter CR-310 (Minolta Corporation, Ramsey, NJ, USA), calibrated with a white calibration plateas described by Roberts et al. (2007) . The chromameter measures Hunter L * (lightness), a * (redness), and b * (yellowness) values. Blood Sampling and Laboratory Analyses At 5, 6, and 7 wk of age, blood samples were collected on random basis from five quails/group into heparinized tubes. Hemoglobin values (Hb; g/dL) were measured in whole blood by using Sahli's acid haematin method. Packed cell volume (PCV; %) was measured as described by Schalm (1961) . Red blood cells (RBC; 106/mm 3 ) and white blood cells (WBC; 103/mm 3 ) were manually counted using a hemocytometer (Campbell, 1995) . Samples were centrifuged at 4000 rpm for 10 min, and sera were kept in Eppendorf tubes at -20
• C until analysis. Total protein, glucose, triglycerides (mg/dl), total cholesterol (mg/dl), calcium (mg/dl), phosphorus (mg/dl), and uric acid (mg/dl) were measured by commercial kits (Akiba et al., 1982) .
Statistical Analyses
Data were statistically analyzed on a 2 × 3 factorial design basis according to Snedecor and Cochran (1982) using the general linear model function of the SPSS 11.5 for Windows (SPSS, 1998) . Differences among means within the same factor were tested using the post-hoc Newman-Keuls test. Table 2 reports the effects of sex and slaughter age of Japanese quail on BW and FI. These parameters were significantly higher in female quails than in males, and these values showed an increasing trend with the advancement of age. These results are supported by Baumgartner (1994) , Boni et al. (2010) , and Ojedapo and Amao (2014) , who reported that BW and FI were higher in female quails than the males. Furthermore, at d 35 and 42, the male birds had lower (P < 0.010) BW, which is to be expected where male quails are normally lighter than females (Yannakopoulos and Tserveni-Gousi, 1986) . The difference in BW between females and males, phenomena called sexual dimorphisms, is particularly marked in poultry species (Mignon-Grasteau, 1999) . Regardless the sex effect, BW and FI were linearly increased with advancement in age from 5 to 7 wk of age. On the same context, final BW was increased with age from 5 to 11 wk of age (Walita et al., 2017) , where quails achieved the best value of BW at slaughter (169 g) at 11 wk of age in comparison with 5 or 8 wk of age. In the present study, BW was affected (P = 0.001) by the interaction between sex and age, where the highest BW was recorded in females at 7 wk of age, while the lowest value was recorded in males at 5 wk of age (Table 2) .
RESULTS AND DISCUSSION
BW and FI
Carcass Traits
The results of carcass traits are given in Table 2 . Due to the sex effect, there were significant changes in liver, heart, and giblets percentages (P < 0.05), whereas the females recorded higher percentages of liver and giblets and lower heart percentage than males. These results agree with those reported by Kumar et al. (2011) . The heart, liver, and giblets percentage of females improved significantly (P < 0.05) than in males (Bonos et al., 2010) . In a study, Vali et al. (2005) reported that carcass, breast weight, and thigh yield were influenced by quail sex. Kumar et al. (2011) found that the giblet yield of quails belonging to brown (9.66) and white Table 2 . BW (g) and FI (g/bird/week) and carcass traits (%) of growing Japanese quail as affected by age, sex, and their interaction during the experiment.
Heart (%)
Giblets ( Wilkkanowska et al. (2011) , who found that carcass yield traits were affected by age, whereas the BW was improved with age; also, older quails achieved higher carcass weight when compared to young quails. In the same line, BW was linearly increased with age from 3 to 7 wk of age (Walita et al., 2017) . The sex × age interaction had a significant impact on all carcass parameters vs. breast and thigh meat. The highest values of carcass and heart were obtained from male at 6 or 7 wk of age compared to other groups. The highest percentages of gizzard and dressing and liver and giblets were achieved by female groups at 5 and 6 wk of age, respectively, when compared to the other groups. In Japanese quails, lower breast cut in males than in females has been reported (Vali et al., 2005; Kosshak et al., 2014) . On the other hand, other reports have shown no significant effects of sex on breast percentage (Aksit et al., 2003; Genchev et al., 2008) . The onset of fattening and metabolic differences could explain the differences of sex (Musa et al., 2006) .
Meat Chemical Composition
The effect of sex and age on chemical composition of meat is presented in Table 3 . Due to the main effect of sex, no differences (P > 0.05) were observed among the groups, except for fat percentage. A higher (P < 0.01) fat content was observed in female meat in comparison with male meat. Choi et al. (2012) reported that the oestrogen secreted by ovary could increase lipid deposition among myofibres. Similarly, Genchev et al. (2008) observed significantly higher lipid content in quail female carcasses with skin than those of male ones, while meat dry matter, protein, and ash contents were not significantly different between the two genders. Further, Sartowska et al. (2014) reported no differences in breast meat content of protein and ash between male and female quails. In contrast, Magubane et al. (2013) observed similar fat content in the breast meat of male and female quails.
All parameters related to the chemical composition of meat, apart carbohydrate, were significantly affected by slaughter age, whereas moisture (P < 0.05) and ash (P < 0.01) contents of meat were gradually deceased with age, but protein (P < 0.05) and fat (P < 0.01) contents were gradually increased with the age. No effect (P > 0.05) was observed for the meat chemical composition due to the interaction between age and sex. These results corroborated with Ilavarasan et al. (2016) , who found that the meat of older quails had significantly lower moisture and higher protein, fat, and total ash content than young. The moisture content of quail meat decreases as age of the bird increase, which is probably associated with an increase in protein and fat content (Lawrie, 1998) .
Meat Quality
Results in Table 4 showed that juiciness was not affected significantly by sex, and these result agreed with Karthika et al. (2016) , who reported that the sex of Namakkal quails has no significant effect on the meat juiciness. On contrary to this, sex had a significant effect on the juiciness of duck meat, as showed by Omojola (2007) . On the other hand, juiciness significantly (P = 0.002) decreased with quail age, where the greatest value (3.95) was achieved at 5 wk of age. These results Karthika et al. (2016) reported that quail ages of 4 and 6 wk did not affect juiciness of meat.
Results obtained from this study showed a significant (P = 0.049) improvement in the tenderness of female meat as compared with males. The same trend was observed for age effect, and it was significantly (P = 0.001) improved with early age (5 wk) in comparison with 6 and 7 wk of age, as shown in Table 4 . These results agreed with Genchev et al. (2010) , who noticed that the tenderness of quail breast meat increased in both sexes by about 11% with advancing slaughter age of birds from 31 to 42 d for males (P < 0.001) and females (P < 0.01). The tenderness of quail meat is a complex trait depending on several factors, especially the proportion of tissue that builds up the muscle. The higher tenderness of female quail's meat could be attributed to the slightly high percentages of dark muscle fiber, which has smaller diameter than that of the light ones (Riegel et al., 2003) . Recently, Reddy et al. (2017) discussed this trait in chicken meat and reported that the decreasing tenderness with increasing of age might be due to increase in the diameter of muscle fiber, connective tissue, and cross linkages between the polypeptide chains with age advancement.
The good WHC of breast meat guarantees excellent technological properties of meat. WHC was significantly (P = 0.001) decreased in female groups vs. males (Table 4 ). The quail male meat recorded higher value of WHC (59.33) than female ones (53.33), and this result was in disagreement with Reddy et al. (2017) , who showed that the effect of sex was insignificant on WHC of Rajasri chicken meat. In view of age effect, the present results in Table 4 showed that WHC increased significantly (P = 0.032) with the advancement in quail age, and this observation agreed with Wilkanowska and Kokoszynski (2011), who found that the WHC of breast muscles obtained from a 42 d old of Pharaoh quail was higher than it at 33 d old. The IMF was significantly (P < 0.05) influenced by sex and age (Table 4) . The quail female meat recorded higher IMF value (6.66%) than males (6.27%), and this result was supported by Reddy et al. (2017) , who revealed that the effect of sex was significant (P < 0.05) on a percent of crude fat of breast meat for Rajasri chicken. While these results are in contrary to the observations of Gecgel et al. (2015) , who found that the meat of male Japanese quail had higher fat content than female quail meat. Regarding to age effect, IMF was linearly increased (P < 0.05) with the progress of slaughter age. Our results agree with research on animal meat, which has indicated that the increase in age is accompanied by an increase in intramuscular fat (Lawrie, 1991) . Also, Boni et al. (2010) noticed that the meat of a young quail has significantly (P < 0.05) lower fat content than in meat of a spent quail.
Quail meat color of lightness (L * ) and redness (a * ) was significantly (P < 0.01) affected by age (Table 4) , whereas the higher values of (L * ) and (a * ) were 56.64 and 14.34 at 5 and 7 wk of age, respectively. Also, yellowness (b * ) was significantly (P ≤ 0.05) decreased with increasing quail age. These results are in close agreement with findings by Genchev et al. (2010) , who tested quail breast meat at four ages of 31, 35, 39, and 42 d old. Also, Ikhlas et al. (2010) reported similar results on young (8 wk old) and spent quail (8 mo old). In relating to sex effect, meat color of (L * ) in females and (a * ) in males recorded the highly significant (P = 0.001) values of 53.87 and 14.19, respectively. In contrary, the breast meat color of yellowness (b * ) was insignificantly affected by age. These results are partly agreed with Genchev et al. (2010) with ages of 35 and 42 d.
All physical quality traits (juiciness, tenderness, WHC, IFM, lightness L * , and yellowness b * ) of quail meat under study were insignificantly affected by the interaction between sex and age except for breast meat color of redness (a * ), which significantly (P < 0.05) gave the highest value at 7 wk of age in males meat as compared with the lowest value at 5 wk of age in females meat. In conclusion, the sex and age had significant effects on physical qualities of a Japanese quail. According to WHC, it is recommended that the slaughter of Japanese quail at 6 or 7 wk, especially the male sex, can be considered more beneficial as shown in results of the present work.
Hemato-biochemical Parameters
The hematological and biochemical blood parameters established in growing Japanese quail are shown in Table 5 . Due to the main effect of sex, mean values of RBC, PCV, Hb, and WBC were higher (P < 0.05) in male quails than female ones. The opposite trend was detected for blood biochemical parameters, with the exception of glucose concentration. Plasma total cholesterol, total protein, triglycerides, calcium, phosphorus, and uric acid were significantly (P < 0.001) decreased, while plasma glucose was increased (P < 0.05) in males when compared to females. The present results for hematological parameters are in agree with Hajkhodadadi et al. (2013) for PCV and WBC. Changes of total protein, total cholesterol, glucose, triglycerides, and uric acid between sexes were similar to those reported by Scholtz et al. (2009) . They found that total protein, total cholesterol, triglycerides, and uric acid values were higher (P < 0.01) in females, whereas males had higher levels of glucose (P < 0.05). Numerous sex-related differences may be demonstrated by the physiological alterations in metabolism process in female birds because of egg laying. Throughout the laying stage, the hepatic biosynthesis of phospholipids, triglycerides, and cholesterol is increased (Walzem et al., 1999) .
Apart from WBC, the progress in quail age (5 to 7 wk) leads to significant increase in values of RBC (P = 0.045), PCV (P = 0.011), and Hb (P = 0.001). The levels of total cholesterol (P < 0.05), total protein (P < 0.05), triglycerides (P < 0.01), and hemoglobin (P < 0.01) were linearly increased with advancement in age, but glucose, calcium, phosphorus, and uric acid were apparently increased (P > 0.05). Our data are supported by those obtained by Sujata et al. (2014) , who found that the mean values of RBC, PCV, Hb, and WBC were linearly increased (P < 0.05) with age in Japanese quail. However, Oluwasanmi and Temitayo (2014) recorded no significant changes with age in RBC, PCV, Hb, and WBC for Japanese quail. Our results for blood biochemical parameters are consistent with Ayub et al. (2012) , who found that the serum contents of cholesterol, albumin, total protein, globulin, uric acid, and calcium of Japanese quail were increased with age. The level of serum cholesterol was 91.95 mg/dl at 5th wk of age, and this level increased to 466.11 mg/dl at Note: means in the same column within each classification bearing different letters are significantly (P 7th wk. Our findings are in agreement with the results of Hassan (2010) , who observed a gradual increase in concentration of cholesterol with age, where the lowest value was observed at 8 wk of age, while the highest one was observed at 30 wk of age. Also, an increase was observed in plasma total protein and albumin with progressing age of female Japanese quails (Hassan, 2010) . The increase in total protein, albumin, total cholesterol, and triglycerides may be attributed to secretion of estrogen at the onset of egg production that induced hepatic biosynthesis of lipoproteins, phospholipids, triglycerides, and cholesterol; Walzem et al., 1999) . However, Bahie El-Deen et al. (2009) stated that total protein levels decreased with age of Japanese quail. The plasma calcium content in the current investigation increased numerically with advancement in age (P = 0.066), where the highest value was achieved at 5th wk. In Japanese quails, El-Ghalid (2009) observed an increase in the serum content of calcium with increasing age, which is in agreement with the results by our investigation. Increasing the concentration of calcium with age may be returned to increased steroid hormones secretion. In laying hens, the steroid hormones are involved in the regulation of calcium metabolism via numerous mechanisms of action. Also, the increase in the level of calcium is due to increased blood concentration of protein-bound calcium (Pavlik et al., 2009 ). In the current study, all blood parameters were not affected by sex × age interaction (P > 0.05) apart from triglycerides. The female groups at 7 wk of age achieved the highest (1120.30 mg/dl) value of triglyceride in comparison with the other groups.
From the obtained findings, it could be concluded that Japanese quails (males or females) should be slaughtered at 5 or 6 wk of age to obtain higher carcass yields and to obtain the best meat quality and composition. Furthermore, quail males recorded the highest values of meat quality and composition when compared to females.
